X-ray diffraction topography is a widely used method to study crystal łattice defects by visualization. The properties of synchrotron radiation relevant to topography methods extend tle possibilities of investigations. These properties are the following: a high intensity, a broad spectral range, a natural collimation a linear polarization in the horizontal plane, and a pulsed time structure. The appfication of synchrotron radiation to X-ray topographic studies is described and some recent examples of experiments are presented.
Introduction
X-ray topography is a1 imaging technique based on the difference in reflecting power between distorted areas of the crystal and its perfect parts. A perfect crystal gives a homogeneous image whereas a defect causes a strain field and results in a local intensity change. The otler factor determining intensity is simply the local variation of lattice phanes orientation of the perfect part of the crystal. These two kinds of contrast are appropriately called extinction and orientation contrast. In such a way X-ray topography reveals dislocations, large precipitations, stacking faults, grains and grain boundaries, domain walls, layer stuctures, etc.
The principles of reflection X-ray topography were proposed by Berg [1] , Barrett [2] and Schulz [3] . In the Berg-Barrett method the characteristic radiation from a linefocus was used and geometrical resolution of a few μm was achieved. It was shown by Newkirk [4] that single dislocations could be seen by this method and their Burgers vector could be determined. Schultz used a white radiation from a point source to study mutual grain misorientation. In the method proposed by Auleytner [5] , an X-ray beam from a point focus collimated by a narrow slit hits the surface of the crystal whicl may oscillate also together with the film. This method is used for the study of mosaic structure, small angle boundaries and dislocation density [6] [7] [8] . Guinier and Tennevin [9] used a white radiation divergent beam from a point focus for investigation the real stucture of crystals in transmission geometry.
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The most commonly used technique is the Lang method [10, 11] of scanning projection and section topography.
The double crystal arrangement [12] is the method where the X-ray beam is reflected from a perfect reference crystal, then from the specimen. Both crystals consist of the same material with the same lattice spacing. This makes the method very sensitive to minute strains and tilts (the local parameter changes of the order of Δd/d = 10 -8-10 -9 [13] ).
Another technique is the X-ray moiré topography which is also a very sensitive tool for the study of crystal lattice defects. There are generally two experimental approaches to this method, the Bonse and Hart interferometer [14] cut from a monolithic block of perfect crystal, and the Brádler and Lang method [15] of superposition of separate crystals. The local lattice dilatations and rotations, according to the optical model [16] , cause dilatation and rotation moiré fringes observed in the topographs. Anotler important property of X-ray moiré technique is the possibility of the precise measurement of atomic scattering faction and the absolute measurement of lattice parameter [17] .
The appearance of high-energy synchrotrons and storage rings emitting electromagnetic radiation with a continuous spectrum that includes a range convenient for diffraction by crystals, caused further rapid development of X-ray diffraction imaging methods. In 1971 synchrotron radiation was used for X-ray diffraction [18] and in 1974 the first X-ray topographs were obtained [19] .
Characteristics of synchrotron radiation relevant for X-ray topography

Wavelength spread
The synchrotron radiation has a continuous spectrum [20] with a broad maximum close to the socalled critical wavelength given by wlere R is the radius of the orbit and Ε is the kinetic energy of the accelerated particles. The range is usually 0.1-2.5 Α which is very convenient for diffraction experiments. Generally, the interval 0.05-6 Α offers any wavelengtl what allows one to perform the topography at any selected wavelength.
CoHimation
The geometry of synchrotron radiation sources is also Very convenient for X-ray topography. The beam is naturally collimated, where typical value of horizontal divergence is about 30" and vertical one about 0.5". Because of the small effective focus size and the large source-specimen distance (20-100 m), the geometrical resolution of the order of 1 im may be obtained at the large areas of the sample. The large specimen-detector distance enables one to use any additional equipment like magnets, heaters, strain devices etc. [21] [22] [23] .
Intensity
The intensity of synchrotron radiation is 10 3-10g times higher than that of the best X-ray tubes. Typical exposure times with conventional sources are 1-20 hours. The same experiments done with synchrotron radiation need the exposure time reduced by the corresponding number of orders of magnitude (a few seconds or less). The high intensity facilities permít the use of direct imaging TV detection [24] and in natural way enable one to perform dynamic experiments step-by-step or in real time. The high intensity allows for the introduction of multi crystal arrangements [25] and interesting optical elements like a plane wave monochromator [26] to form divergence and energy bandwidth of the beam.
Polarization
Synchrotron radiation is highly polarized in the electron orbit plane. This -property opens a new fleld of polarized X-ray experiments. By changing the incident plane, one may change the state of polarization of the beam. Also, using horizontal slit moving vertically, thus taking the radiation outside the orbit plane, one obtains elliptically a polarized beam. There are also other ways to obtain circularly polarized X-rays [27, 28] needed for instance for magnetic experiments.
Pulsed time structure
The circulating particles are grouped in socalled bunches. Thus, the synchrotron radiation has a time structure, at typical MHz rates. The variable parameter determining this time structure is the number of stored bunches whereas the fixed parameters are a length of an individnal bunch and its circulation time. As an example, DORIS operates with 150 ps of the length of an individual bunch and 960 ns of the circulation time of a bunch. The number of stored bunches varies between 1 and 480. Thus, the pulse repetition time is 2 ns to 960 ns. This time stucture permits stroboscopic topography when the exact synchronization of the observed process as the propagation of acoustic waves is realized [29] [30] [31] [32] [33] . The contrast observed in stroboscopic surface acoustic wave topography was studied and simulated by ray tracing calculations [31] . The Bragg reflection was approximated by mirror reflection from a wave shaped crystal surface. Because this model is not restricted to X-rays, but holds for visible light as well, the "topography" of surface acoustic waves were obtained using a visible part of synchrotron radiation [34] .
The intensities of the Laue reflections
X-ray topography with white synchrotron radiation is a very simple and powerful tool for crystal defects studies. In this technique the Bragg law is satisfied as in a conventional Laue photograph. An example of the white beam picture is shown in Fig. 1 .
The wide range of wavelengths causes that in Laue patterns all orders from a particular set of planes are superimposed in the same region of photoemulsion. The image is formed from a fundamental wavehength and higher harmonics and, as it was pointed out [19, 35] , the intensity in the topograph is integrated over the wavelengths diffracted by the certain Bragg reflection. The intensity for a given reflection can be written as follows:
where C is the polarization factor which is cos 20| for horizontal dispersion and 1 for vertical dispersion, Ρ(λ) is the percentage spectral energy distribution at λ, Fh is the stucture factor, e 2 /mc2 is the classical electron radius, V is the volume of the unit cell and γ0 = n • k0 , 'h = n . kh are the direction cosines of the incident and diffracted waves. The basic intensity forming each topograph and recorded by the film is given by where i = 1, 2,3. . . represents order of reflection, Ea and Ee are the exponential absorptions of air and crystal and Bi(λi) represents the sensitivity of photoemulsion for different wavelengths. Generally, there is a few ways to eliminate the harmonics, for instance by using a monochromator with successive reflections with either one asymmetric reflection [36] or a slight detuning between two symmetric reflections [37] , but in such a case the advantages of the white beam topography and its simplicity are lost. The application of a totally reflecting mirror, to cut off unwanted higher energies would be a very good solution, but the quality of the plane mirror used in a first attempt was not sufficient and horizontal fringes on the topographs were seen. The kind of compromise between monochromatic and white beam topography is the use of an oscillating monolithic monochromator crystal [38] .
Examples
One of the important advantage of white beam topography with synchrotron radiation is the imaging of the sample of poor quality and a polycrystalline sample with a number of grains. Because each grain of any orientation selects the appropriate wavelength from the beam, the reconstucted topograph of whole crystal surface may be taken during one exposition. The examples are shown in Fig. 2 .
A large number of spots on the photograph enables one to observe the defect contrast behaviour under different diffraction conditions. Figure 3 shows (200) and (020) topographs of (100) oriented Fe-Si crystal taken from one film. A disappearing of the domain contrasts is seen in (200) reflection.
As it was mentioned above, the experiments with synchrotron radiation have a very convenient geometry. In many cases it makes possible to reveal directly some kinds of lattice deformations in the crystals. The first example is shown in Fi g. 4. Usi ng a 30 µm sl i t t he r ef l ect i on pat t er n of t he deut er ons i mpl ant ed gal l i um arsenide was done. The additional line caused by the shot-through crystal layer with larger lattice plane spacing is noticeable. From geometrical considerations it is possible to determine the value of the lattice parameter change as well as the mutual misorientation of the layers. This method is not as sensitive as double crystal measurements but is very quick and au accuracy of about 10 -4 in relative lattice parameter change may be achieved.
The second example is shown in Fig. 5 . In a (001) oriented Fe-Si crystal one 180° wall and two 90° walls form an Y shape. The 90° walls from neighbouring junctions intersect the surface. In one domain, the (001) planes are concavely bent around the [100] axis. Thus, the magnetostriction causes the crests on the top of main domains with magnetization perpendicular to the surface and respectively the troughs between them. A wire of 50 μm diameter was phaced in front of the crystal and reflection topograph was taken. The periodic focusing is seen which indicates wave the shape perturbed crystal surface.
Because of the high intensity of synchrotron radiation, the much thicker samples can be studied in transmission geometry than when using conventional sources. For example (Fig. 6) , the exposure time of a 10 mm thick silicon crystal was 1 s with a principal wavelength λ = 0.2 Å. The topograph revealed an unknown defect inside the crystal.
